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(54) OPTICAL WAVEGUIDE CIRCUIT AND 
NONLINEAR OPTICAL DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
waveguide circuit where an optical waveguide even in a 
complicated shape is easily written. 

SOLUTION: A Bi 2 0 3 -containing glass material 21 
having large three- dimensional nonlinear optical effect 
is used as a base body or part of the base body and a 
part 21a which is varied in refractive Index by 
convergent irradiation with laser light is formed as an 
optical waveguide in the base body. The optica) 
waveguide is branched in, for example, a two-pronged 
shape and one of the branched optical waveguides is 
formed in the Bi 2 0 3 -containing glass material. 
Consequently, this is built in an optical Kerr shutter 
type switch, a Mach-Zehnder type switch, a directional 
coupler type switch, etc., to constitute an optical 
switch with quick response. 
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^5X*m2 1 SSttXttSf*©— SB£ L/. U— !f 

tt. fc&*.tfZJKtt«:$H*Sft, 
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1 

(li^iii ] Bi, o, *£tf#7*tm*af*xtt 

t fit JfcH 2 ] ll^il 1 iat£© *' 5 X *#f4# Bi, O 
, : 15~7 0^%, MgO+ZnO + BaO: 0- 
4 0W/o, B 2 O s :0-7 5t^, SiO, :0 
-6 0*^%, Li, O+Na, O+K, O:0~20 
-=e;U%. T i O, : 0-2 0*^%, CeO, :0~1 10 

lXtt2IBtt©:56*«illg. 

[ 4 ] Wt=h*i\ UfcASftfc £&Cc y- I- *# 
fitB~>7 f-£^;L. {it(^>7 h%-^jfrt»!tet>flfe^©36 

a. 

Klfflrig* S£i3Bfex*^-©&«Kc J: 0 tH*HSa>6> 30 

? tcfc ^r. n^m i — 3 ©Hn*»{ct ais©5fe#jgi5i 

[0 00 1] 

[^H±©T='Jffl^if] **WJ4. tWM& 
[0 00 2] 

I«e*©t«i5] «ff ^ttfK&iirw:, ««*©«# 40 

rt^gCcftS. c ©«©*»!»«:«:. s«m-^*fflt>/c 
mm - *iwffli^rffi*sse**» s nr «,» s . u & u . 
mm - ateftUffloEr&tt . mmiasg© <t 5 ft c r isjesk: <t 

©Mfttf* *) . #©^?*4/£^i£tt«»SiI14*H-fl" 
SiJi»-rs?t-7fe*iJffliS^^{cm5CCft^r < s. c so 



mmW- 1 1 - 1 6 7 0 3 6 
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[0 0 0 3 ] =^«?K**WI4tcS*StiS«FttW. 

<t\ ^>^^©fflSf^S*5fi(,>«£\ 

3fcSWttK©3E{fc«#:**<&S. 

<fc*SS*U &^#*#<ft££t> ; 5£:l«tcft.&. * 

ccfett*©-c, g»±r>f*t/ c©J:-5fttBj£ 
tcii©e>nT*j 9 . G a A s ©«£ 5 &¥*IMMi|Sffi-$»J* 

y r-fe f- u >©ct ^ ft*m**s B B B , fi^-y a xmk* 

[0 0 0 4] —15. #-#IWffl©i«ai4*+#R:i£a>T 
ami LriSjI©^^ *->i/ifi-C%t£ < ft 

MH^I»^^f4«. 7tKJR*#toftt>fca?)J&gll$ 
WSl7xA h# (10- J f» £tStoT^< . mm 

^t^-CliH^^^J^^/J^^/c*. %*4 9 9 

^•7-%*#< T^>^B^*-o/c„ -e-cr. #2fci»3?© 

zif-TA Y Jo ? 7.X foi> A s - S^©*'5X*SA#ftH 
#^1 /l 0 0 0©ftS©7 T-Y^'-riDSIftSilX^ ? 

^rSjSn4>$>SC i^<=>. *'7X©92jg7'n42^^ 
[0 00 5] 



3 

[ mw%m l <t o t r z> mm ) immzm tc = ^ m 
t. m*m.rii<£ftzmc&itozc tic £K> 

jsX ft 5 . C ft 6 ©#R«c J: «3 = X&WN&t&m 4 S ft 
si OT*a.&ftri»*. 

[0 00 6] a si->«»ter»*. fc£ xiiiiio^ 

SEjfe-rS* 1 K© -f >£&-CSSSJI JBfiE b 

a* -f*>«r^5^»ffitcftASl*'Cl f »S. Na' -T * 
>«. Ag' ^*>#^j£U/c&aM©i5Jg#H.K^*ai 
?|TF«:»»S-&4. *©IS*. «t»BS*W5^*fflT«c 

o o Mm©¥ra2xw(i&ra5©Km£?#%. l^itfi 
(DttmffimmzTnT *>©#£»,». A*>$z&m-cftM2 20 

tttffiu. i/36>fc. 0— *fi±«ca^©-yc7cWtty<* 

mmt l x<D$mmm <* ft . trnttSHMta* *> 

3&s+^c^»snrc>^ci». 30 
[ooo7] ^jiysn^wffi-ctt. E3ig<t-> 3 >&o' 

x » ^> yt,cj: <o mn><* - > * &o 3 Taj*«fisr 
4. c©#arft$gsn/c#zg?£lStt t jR»**a/um-r 

[0008] v-y%*ij=>xtfi&<Dnmcn3b 

n 0 7 9 7 1 1 2&«gj«i»rffi£3*rct» 

u-c^©$fl*<j*s^*stcigfa 2 ft. 

©la t >ttfft©fl£JB Wit H^l^^^jSSS©^^^ 
ftTi»S=^^#Wf4ttliiri6L fcJ: o KSfcl&W so 
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JHB®StflsW/jN3 < . Sfc=^^Jf5B^^©iHt^t 

©<fc-5^Wii*ft?rST^< . -rii#©» 

ifi*?tm4UtttiU #7*ttf4©faS|5-CU- 
1f 3t©«3l&Mi«:ffl*tW«:»ttS # 4 c £ K <fc <9 . mftm 

# . i£*^tR©^»K#[Blfi!K:j&iS $ tiA:36i»iS@B 

[0 00 9] 

^©sw^^r^fcfe^ b i » O) -§mt)^**m% 
sftx«sft©-gp ti, u - if yttomtmat k. 

[0010] 

[||*S©Jgffl] U--y*©*#JH»"CflS 
tt, U— !f3feCDiR3teIWtec J: «!) B*f*»b*^5 ^tt** 

14*te»3S#* » or &mB]i&v$> *) . ffiti 4 
=^««*«8Ml*iWfflr* C ice «fc OjBWiS©*^ 

&it«xoti? xtmtcB. awscwi* 

<a-o=^HR»36#tS**©^:#aB i , O, tttsii 
T-5^n©*?>W#7C^ ; £r^tyC£*i6, i^it^a-te^ 

[ o o i i ] b i , o 3 M*7Xii/T«, JK<omm 

B i , O, : 1 5 — 7 0-=&JU% 

MgO+ZnO+BaO: 0-4 0tJW 

B 2 O, : 0~7 5*JU% 

S i O, : 0-6 0^&JU% 

Li, O+Na, 0 + K 2 O: 0-20^JU% 

TiO, : 0-2 0^% 

CeO, : 0 — 1 0^tJU% 
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B i , Oj (DSmmifil 5*;l/%*«-C«»lff-r-5H^ 

immyc^n&wz h ftr . 7 0 ^a*.* b 

[0 0 12]^f(C[c;i;tMgO, ZnO, BaO« 
eO, ZnO. BaO*8Sft]T4£. WlftiZ^ffi 

^*^a*3m6n»<<ts. b, o, &mmm&\t 
x. a ^aaanrc ttjewt *- 4 =&&tmx#nmtfi& 6ft 10 

SKftS, S i o, t>BWfctSJMHiMa«:J:«)^5^JB 
f$-r*=^HfiU^*^«l*JW»6tilt< ft*. Li, 

o. Na 2 o. k, o«#i*rxj*H*^to-erw»ns 

ft. ^5^«BtB#©ISii{fc«r«UWU, #5 zami&Z® 
mtTZo Li, O. Na, O, K, 0©-£ft 

^fln** 5 2 0 *:)V%ZMZ- Si. 2/5 X©f b¥tf)fi#\tt 

ftilKft-5. T i 0, %»flD-r4t^^x8jjtl^©*Sa 

fbwflKHSft. tfvxmzisjfii&micteh. Tio. i 20 
flute. =^«R»*^l!b*©i»^:tc*>>m»-r**. l*» 
U 2 0*;l/%*iffl*.43**©T i O, *»aiTSi. 
*'^^0jS* s BII(C^£-5. CeO, te. <£>g&CJ&DT?35 

0 3 WrtzaujjsmuL&Mvavxt LTtfffcH-rsc £ 

So L#>U 1 0^&n/%£jtI;LS^fi©C e O, £i3Sfln 

(0013) naw3R«9f£©itia(cRaii//cx/?^fi 30 

fiMHtt. *g©^fcJ:^T:tf7*K:«ie3ftS. #5 
*»jfi£tt4$tcWR3*i5fe©-Cte&^*s. Aii^tfBf 

y-)AA y ^tcAn, 9 0 0~i 30 0 'c-css^-cig 
lit. wenAiBHR^-t-^Ktc+i.^ h-rsc £tc«t 

y;uffi^>«tas«ffi«c J: o r # 5 * jWHR 3 ft S . 
[0014] 4c«W(Cfl£-3^j^|jeK». %Rl8IIB9r* 

©rt SWC JBfiSS ft 5 J: 9 &c . 13 v Mm<DPl%!lV$kft& 

*$mmh s ■& i> c £ k «t *) its ^ ft -& c K . 

El 1 -C^^B^CCTK-r cfc ? tc . u - Vft 1 1 u > x 

mcm%& 1 3 *<&s3h**. 13^*7 **m 

1 0 ©ftgBrtBttttfcfcSfb 5 -Jf ■*> C £ ic J: *) . El 2 X« 
EJ3 tCfn? «fcO tC^iggg 14, 15i LXm<mnL 

tcMti^ibW&fiMZxtffl l 0©rtSlW3/£$ft 
-So mft£.l 3©ffi*tSr«i(ctt. fciiHu- tf3fe 1 1 
©H:fc*. 1 3tC*tL--C*/5 *tf*4 1 0 SriHi&lfctt&W) 3 50 



mWtV 1 1 - 1 6 7 0 3 6 
6 

**il«W<cgtt<* 1* *#5£f #J3US 3 ft £ , 

f 4 1 0©F*9 SIICC^ SftSftag&S&tt. Mlt&l 3©ffl 

3 (Cfg^tt $ if £ £ . El 2 tc^-T *«»K 1 

4#»sR«*ftS. $fc. JR3&£1 3 *-*|qJtctB*f»» 
Si* 4 £ . El 3 tC^-r^JRtt©36i»»l» 1 5 ft 

f/¥it;*ft6„ bfrb. ftx*;u+'-S©b - 

1t*7fe ; &fS5C£«^MT'llSt-C*.5 6 C©.£«. '*>V 

Sfflt^i # . ^tm©rta.«c^fi£3 

[0015) 

mmit, %9mmvt*2tittmttixis*) . p. c e , 

Ge^5r?^DLy-c^ i ;*^*7^©W^D6nTC^„ C 
©E!»l« . H W^iR^: oSf*l*»7^ £f 

CC#S L T *J <0 , PJtlK^g© U - If * BSW-T S c £ «c «t 
orB0R^RS©-i»3W«JiSftr-6C £«CjeHT*£* 

T-©P3535ijl©6tirC»-5> 0 L. C©^?*-C^fflS 
n 4 — tf Jtett . 1 k H z 5fe«©i£t > *us u ^«^-c * 

fiWitictj:*,. £C5T, -'^l/X U-tfO^^xitl^J^ 

<-r^£> i«t»t-i'Hi**s»e)n*. t-ftH*** 

2ib-2> £ . 7 ^©SIW ORJR^©^* o/n'jUX b - 
-Wte*tefl§l/T*>, 1 kH zfel±©8i£L.fflilt«k**>-3 
RB »3 ^4BJSCC|JB«tt < . U - -^©^^SI^-CSSt 

^*^(bf s inputs snti>4. » e. *^ rrmmm 
us o »JHnorj«w s ti* <t 9 . fim^ < . 

8Sgrni*»igO®«»%IS< t5i£«#*5. c©.#. 

rfe. «f©asioejit«* i kHzai. 

S iEK fcffl iff b**» & ft ft c > . 
[0016] g|j£L.S«»©±PRtt. *JR^©HR»3 ft < 
tfw:Jfit^©-c*i. L^L. ^ilLJ^lig^* 
^< TS £ . -^(Cv^UX^ 0 ©x**¥-;4HHI < ft 

WSRy'Sffl ^©a^jtcjc-s-C. tSiE L- Jli^ 



x *) c ta> e>^?sssi or sub $ ns, #5 
*4Xttu-ir«o»*ja©*sitis*a< r a c tec «t 

7 -frWi-i tcVirnvrnm ?h5fc«). mi'wx v&nt 

[0017] *»w«c«fcst*. mmvfcViZft ->tcft 
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***** » **fe#>tt htmnffi&mtvx** ■ as 

AOS 1/ fc#if rSSSS ft Srffl n fe«j&ggS3&ffi &fc * 
C0018] 

1 3 0 0 'Of 2 NffllSlB-r * C i «C«fc »j . 3u <Dm&* 
t>^>ij7 7,WtMlstc. ff 6ft/c#^*£JI<? 0. 7 m 

mccaiiswjsu *©*ffir=^(«?gjte^5e**s 

L/c. YAGb- !f©»;$:$ (iftfil . 0 6 Mm) ife 
3R U—!f UfcSttO. 7 urn) ^»g a B B *tS + '> 
>^T5t£KJ;*H#6ft;fci£:gl. 9um©l/-1f* 
*K*4CCAIfU #fe£b/ci£g0. 6 3(im(D^3B3«l 

[0019] 
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B i 2 0 3 


18.9 


42.6 


66.0 


24.0 


49.5 


49.5 


B c 0 a 




28.5 


16.6 


8.0 


25.0 


25.0 


S i 0 z 


56.2 


28.5 


16.6 


50.0 






T i 0 2 


8.3 












M g 0 










25.0 




Z n 0 












25.0 


B a 0 








12.0 






L i z 0 


8.3 












N a 2 0 


8.3 












K 2 0 








6.0 






C e 0 2 




0.4 


0.8 




0.5 


0.5 


X ( " (esu) X10- 12 


5.8 


12.0 


20. 0 


6.5 


15.0 


18.0 
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[0021] mm i 4 v ?micmm%<Dft 
S 

m 1 (Cfc W •Sl^f4#^ 1 . 2 ©#7 X tcSt U , A r U - 
iffibiaoo £ ^ r ^ T u - if l&S 5 r< )i> x 
M 1 5 0 f s , »SI 00kHz. &&8 0 0 

nm, l~50mW©><;U*U--y#*fiBB 

r £ «fc 5 (CM S5 LXU®ft*WM u fc„ HBtfffc©K!SUt 

*«j£-r * t . a*,^»f?*5 o . oi/c i?±^ o r 

ffl*h£« 3 tf* t £ cc «fc 9 . KK)i-©rtSMc fiDKtt© W 

mmmm®, ttt>%mMm<o%mm&imi&z nfc. 

#i»«S§©JfcJi38lnHtt. URSKcjlff <£ft?£© u— 

36**e» * tvr l> 4 C £ *««jt £ C £ tC «fc <0 ftiS"? * 

(3 7S) 4umT*5Ci, RlPPtt < £ fcfflfl?&fi 

i>*PALtc. i«fi:8 0 0 n m© U-if^C^^.. ilffiS 
S^©1. 3um-£>l. 5 5umOb-f^.lWOfc 

H^rfe. i5H8©Jg«T^{b&<«iU;*ftfc. 7c>Si£8g 
W. ^T4*3fcU>;*©^ffi*«:&*.4C£«:<fc«J 

nyfc3t*»Ktt, 37t?7 »Fi ©IffltcgiflKcJf 
ffi#??& L/ ft I » ©t? J?®M£:#@*T ii>ft l>. ©fc 

&£ 

[0 02 2] jjfegfg : ■ -y 

*fl33KaMgB©fE« 

urcfRR-c* 4. fc£*«. H4retawtc^-rj:5 

2 2 ~2 4 (C«5^^^X©<t '5 (CH^M^ttCCVhS 

tttm**^*. -en-en©s«2 i ~2 4£u-if 

JBBtf* C £ CC «fc 0 TfezS'i^SS 2 1 a - 2 4 a *JKfiR$ it 
fcfg, ^Jg^SiJrSS«2 1-2 4^0^4. 
m^t. E5r«WtC7n-TJ:^{C> BfS£©**S£fe 

©£ 5ft2NSi;B1±©/hSi>#5xr-ct-c*j<3 , 

mfc%&M<D±1*n B i , 0 3 M*77>2 6^A 
•v * <£S£T»g 2 5 ©-SBUB&C&O #w 4 . <xi>-e, 
U-lfM.Wt <£ *) v -j >\ ■ ^-.x > ^-SJjl&j»jfiBg2 5 a 
*JS1g2 5«C##ii*ft4. H*i©i§^&. StS2 1~ 
2 5 ^rf&4S L-fcfi&S&£©fAttHC J: -?T , .fcgJI£K©}fci* 
«S§2 1 a -2 5 art*&SK:8*i£*ft£. 
[0 02 31 *^SS^J-C«. m. 1 (C7j*Lfc:Wt4*^3 , 
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£LT^ffltfc„ A r b-1fjgjjta© 7 7-/7U 

-if^6^S$ti/c^Vl/Xi)Il 5 0 f s, *gjIUJDi£$& 

2 0 0 kHz. ifi8 0 0nm, ¥Wl-5 0mW 
©AjUXU— tf#£&fflU j*3fcU>X"CllbfcU 
K-©rtg|5(c^.^{4aT 4 «fc 5 KW85 u-cwa>i-*fls 

WLfc. JRjte*©iaSr*«. B ij O, ^^7^TB 
0. 0 1 . 5^*'7 7vf'«0. 0 5^»MUc. M 
10 l,fc#*«K©»*14te*9iffiT4A:©. *W«cafiift 
ft^©b-1f7c; ; &7t^8S«:A*t^ti:^£C:5. ®t/T* 

mtzmc u-cc»*»»©*tc36©GfB*tinif3n. ^> 

5 ti /cTfe^^SS «. H3 W(W© ifitaif 6 Kra 4 m in © 
jK^tM©/j>$itc^t4&Lr. 53l*'7X(c#x.Ge K 

7c^&8S fe> 37ii>7> Fi ©ratcBSSt^t^H^^E 
[0 024] mm 3 : ^laitttt^ggjte^ d 

>£'—M£ 1511* &C« ^ ©Xg-Cflf Wt? # h . £ x tf . 
l~3 4l:fflll/, -€-©^ %©— ^>©SK3 

&mO. l»)(D30©iS3 2~3 4JC«5^'7X© 
«fc 5 {c=^NR«36^a*©'J^ «c«!4*«ffl-r S. * 

30 n^n©*^3 i~3 4*u— ymtr&ztit&'oyb 

2S^SS3 1 a~3 4 a *JfciR§ ^t^WM^tC^ 
»ffi3 1 ~3 4^B*i9^tj-ti4„ 
CC^Tct^tC, Bf3£©^:*S*t-3— ^©«1R3 5*ffi 
-5. 3 5«, X ©<fc 5 ft: Sfc!ttS0fc)te 

m©7C^ ft B i i O . X 3 6 €rX/-< ^ 

nr»«3 5©— aja®(cffi«3^ws. 3ct»r. u-if 

JSJIOC J: 0 ^Tiai1SiB^«S3t39a853 5 a /jSS« 3 5 tc 

40 tcmW)-&(ommc£-oT, <am^<o^tm^3 1 a~ 

3 5 a*«3gJSlc»#jiSti*. 

[0 02 5 ] *^SS0iJT«. « 1 tCmO?tKI4»-^5 , 

6 ©y? =? 7s *=mm3m%^%$k<o*% mm t l 

T> Ei*'7X *=^HR3K4*4'«b*©* 2 ft tm £ 
LT<l!fflL//c„ A r U— tfJSjja©^* r -(71/- 
•*fi)^mBi^titcJ<>V.74s 1 5 0 f s . B&L,fflM$L2 
0 0 kHz. M8 0 0nm, 1 - 5 0 mW© 

^•jUXU-tfTC^fgfflL. H7tU>X-Cil7tU. l^>t 

©rtSPJC»^* J (4iB-r 4 J: o tCFJStgn o-cK«w-*jaa4 
50 *it*©S«fsSSW, Bi, -&W**7XT'W 
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0. 0 1, E^*7X-C«0. 0 5fc*W±»Lfc. fl^S 

mt^mc LTU&^©#tC#©{£»jWHf*3fi. 
SnTdfcWttBB. aWWJ®ifia»»*>6IKffi4 Mm© 

[0 02 6 ] gj&M4 : #:fr—>* y $7.4 -j 9^©dB 

a 

§SJ6Wl"CStt4#^2©B i, 0 3 £W#5*a»6fBK 
Jyfc37l4tfm, g3 1 0mm©7\:^SS?:fflC»T^ 

•^X^y?4 0O^M^l, OP A (optical pa 
rametric amplifier) ^iliSLfciSS 1 . 3 0 umlDf 
SOIf? 7 -fTU-lfTfe (/s;u^fgl o 0 f s . JSilU 20 

JHifiSki o ohz) h^p. iLrsit,, ytm 

4 1 *^y- h^^l/^«C|BIJWS1±fc«* 1 . 3 2 w 
m, M\>U*ipIl 0 n s ©¥*{£b-tF:#;£-7'n--:/3tP 

, ibrtbttb/c ya-yytp, it. A/2&stg4 

a, 57-44, U>X4 5 a*iliaUT^-<gSS4 6 

. i^n-T^P, *s 3 ij- 7 f (£fn$) ic«,tl> 
■5©r. *ilKSK4 6**-«IWtorfl6fflr4c<t** 30 
pJfiBitt*. ^u-T-^P, tt. d&*»ig4 6«il&L< 
./cf&, JE(CU>X4 5b. 7^^47, M?4 3 b 
.te8Ttlffig4 8fc:jS&ftS. tfci±S3§4 8fc:tt, 
HHSff. !nGaAs-.PIN7*h^*- KSWffi 
ffl£ft£. y-r^P. «. 7 -f;U^4 7Ti^6n, ft 
WS4 8*-C»Lfrl». fcte. 7 -<;U£4 7tC^^.T^ 

[0 02 7] f-Y%P a <D'*y-*m&l>X4 

#5£T°= sin' (n,,L I a )icU-otcm$h$:7f>L . 09tC 40 

,.36*1. 1X10-" cm" /WiJtmSti/c. 

ttfritc. mmmSii. 5 um«T©i§i«©5Sf»fcnjte 
0 . * >r 9 ?•> imrtaymo f- v ftmrnic «t 5 ^ 
7SP©,#M»T$af*©^t4>^ms titifriic, z 
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[0 0 2 8 ] *HJt0!|-Ctt. ^I©f^>it7 7 ^7b 
— tf %(0 O P A U— !f %*%Mt Vtc. L b . 

enterals fractal . /]%§2u— tf*y- Y3tp„ 

4 0r|g»S-l**CifepI«B-C**. i/c, rfjJR©*i» 
f*U — f (MSI. 30(im, ^MlOns, 
LHi»l 5 0MHz) V%P, iLtffl^. ¥ 

:> + ? A v *©(£gjSffi*W3EOfc. ««£©*§*, 
^-T ^>^jlJK«, AftfL//c^-l-^©/^l'Xtiil5] 

eBEJWT-c* 0 . ism<Dm^mMic j; o ^ ? 
o. *<Dtci£>. m-^yeia 0 0GHza±cDgH4w 

£^PH$tg. 1 0 0 GH z W±©i^i5 LS^* feoff 

^^©{g^IUTfe^^^X^J^ 1 0 0 G H z tLhOTt-'-OU 

[0 0 2 9 ] Hflgff!)5 : vy^ • 9^ >ff~£BfcX-Y 
»^©affl 

Uc3 7i4 Mm, S3 1 0mm©7e^giSSS^:-7 •^>'^ - 

-^r©*««c©A=^s»jg«stR«raija$i±* % c©7fe 

h*^rt>ttH3«0©*«i|l^^«S 

ns„ ^«©i«ec. 7c©u^3fetc^Bj3&j^jn*3o/ca«3* 

[0 0 3 0 ] ^SSWTii. OP A (optical parametr 
ic amplifier) &i!®bfc>f£fil. 35umOf 

77^71/ — f% (/s;i/x*i i o o f s . isjg bm : mx 

1 0 0 H z ) >tmi\ iWi-f »««Xtt I n G a A s - 
-( y ^> ^3fe«©*S**in b/cO 1 0 iC^<=,n^, «fc 0 

k. mil 8 0 %T$> -o tcmftycft^ximBft^Mmc 
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4 a rmommmifrm mtvmt § fc. 

tc «fc 4ffiii*M>8«ii#«f K «fc 4 ffiiSfttSWgffife S ti/c 

[0 0 3 1 ] l*ttgH6 : frlSitta&ggjfe* j y :F^© 

KBfeW3TB»«^6©B i, 03 10 
?Wc37S4/im, ft* 1 Omm©#*»» i fc75riSJte 
*S£»®#* -f » ^tefc*)**. ?£x -f » -7- > ^HSRCc 

5 K 2*©»ttB5 1.52 fc-HMcjfitfttfct 

(ommss i (=^f«*§&ss> kajws 

- k *jffi^»c*g^ l- , pi* - f pa r-e^i * © 

[0 0 3 2] *HSfet^lT« t OP A (optical paranetr 
ic amplifier) 3rilifib/cigfi 1 . 32um©^^>1f 20 
7T-f7b-"tf* (^WilOOf s, J£iILJHig?S 
100Hz) *«^»f&«Xtt I n G a. A s - 

2©KR*§*CC*6>n*J:5lc. =^MUB)WfiB5 1 
©ItilttftCfett&HtfJPi 5%r*o/c#. H 

^HK»*^tt*«c <t ->TlS£jWac fcS*. 5 5 % 
tc^-cMii>Ufc„ 2»tc. fb*©i»iK885 2©aSMS«:*i 

5Xtc»Jpi/"ri»/c. IfcfrPa . P, ©£{b*»6#x-f 
9^>y»f¥*«ec-9rc>4ci3W#iJ*. C©ii£T 30 

ANN *c «fc 5 ^ 7 «©aUBJB«T* g f*©Sft b t> «IH S ti fc 
*-,fc. {&SiIfftt:Wb-C*>, 3fc*7--> + ? *x-r 
©*»^iI5I«tciBj«r*o/£. £©*§£*>. — ft^ffiUK 
^>JIMSS»tc fcTOf ffiBfl-lMc JcSfiiSfMfcWW 

[0 0 3 3 ] 40 

!8tt. U-1f*«aiUtBW-C«WfilB»f*»fc««*a 
fl^K:jgI$Oft:X9l&tt*B i , 0 3 SWtf^Xgft© 
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4. L-frfc. *»ttfiS#4£A/C(r»ttl»©r. 
©WHfc&l*. */c. ¥SS©^Nftn^f tIc? 
t -f Afigfj: 0 . PLC (Planar Lightwave Ci rcui 

t) ict>jRH*H*ci*raiifir**. l«>*>. * 

<fc 4 =&&tt$ J *> - X A tfijffl U T l > 4 © "C . jiff & 

[h i ] ^m^-otc^Mmmo^m^m^wm-r 

im 2 ] jwt^©-^ifiiffl*f»«i{c ct o jf^s ntc% 

[0 3] *7t.^©-^^^»joc<k o jbjsj* n/c* 

[04] *«wccise-3-tr^»^ • ?-*>f-3s*x^ 

? ^ ffl©365»»K* ffit ^ y' a Hz x ©- M 
[H5] *»WK{£iTv?^ • ? x > ^-M*X -T 

v 3-m<Dftmm%* rm-r z> a -t x ©ftij©f?ij 
[n 6 ] *#eBjtcse-5T^fS]i4^^iM7tx >r ? ?m 
coftmm'a&wzwLT & fa -tx ©— 04 

[0 7 ] *!&BJ3tctfcoT;£[fi]1fe££gS2#x -j g^ffl 
©*j»ifiK*flE»f h 7'u -fex ©fife© W 
[18 ] Hitfll 1 "Cf^H Lfc*»»K*»*ii^3fe 

[0 9] i**->t £x>f ^^©^14*^^*7 

[010] HtS^ 2 rffi«0/c36*iS88*a*i^ye 

• g L x>^-M7t;X-i' ^5 1 ©!^14^^y5'7 
[011] *lfiltt»-&SS!3tX -f ^CCffl«?>jitn/c 

3i^t«a»© a* t m * <t © m« * ^-r 0 
[012] n iim 6 rieis l> fc7?^i±*s^agy?fex ^ 

y?-©#tt ; 5r^^'^7 7 
[tf#©l^aj] 

1 0 : tivMm 1 1 : U— 0% 1 2 : SlftU 
>X 13: 

14, 15: ft«$iS§ 

2 1~2 5, 3 1 — 3 5 : SIS 21a~25a, 3 

1 a ~ 3 5 a. : 3t^jS5S 

2 6. 3 6: tma&8L<DX*ix$m 

4 0 :^*->tvi'^'f 41 :jti 4 

2 : A/2i^«tg 

4 3a: fil^T- 43b: flbt^- 44 : 55- 
4 5a. 45b: U>X 4 6 : ft$&Kg 4 
1 :7 4 8: ^sffiH 

5 1 : imm&omtim 5 2 : mnvrnwim 
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